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© Enzyme Electrode. 



© Disclosed is a method of assaying a high con- 
centration of a substance in a fiqufd sample with a 
poiarograpnic celL The ceil contains an electrode 
assembly that. Includes a reference electrode and a 
hydrogen peroxide sensor electrode having a lam*- 
nated membrane covering the ifquW sample contact- 
tng face of the sensor electrode. The laminated 
membrane Includes an outer membrane permeable 
to the substance and oxygen, en Inner membrane 
permeable to hydrogen peroxide and located .adja- 
<\|cem the face of the sensor electrode, and an en- 
^zyme layer between the Inner and outer membrane; 
Ogthe enzyme in the enzyme layer can oxidUe the 
^substance to generate hydrogen peroxide. The 
O method includes contact^ the outer membrane 
p^with the liquid sample; permrntng the substance and 
Kj oxygon in the lqu*d sample to pass through the 
V* outer membrane to contact the enzyme layer to that 
^ where the substance is oxidised to generate hy- 
drogen peroxide; permitting the generated hydrogen 
jjj peroxide to pass through the inner membrane to 
contact the sensor elect/ode; and ensuring that the 
supply of oxygen in the enzyme layer rotative u> the 



supply of glucose is sufficient to produce an equilib- 
rium concentration of hydrogen peroxide, which gen- 
erates a steady state response at the sensor elec- 
trode proportional to the concentration of the sub- 
stance in the liquid sample. 
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ENZYME ELECTRODE 



Background of the Invention 



The invention rotates to enzyme electrodes. 

ft has previously been proposed to employ 
enzyme electrodes having laminated membranes 
for assaying gtucose and galactose as described, 
to* example, in Ckxk U.S. Paten! 3.S39.455: New- 
man U.S. Patents 3.979.274 and 4,073,7 1 3; John- 
son US Patents 4220303. 4,356.074 and 
4.404.06C: and Japanese Patent Apptn. pubG cation 
60-185153. Such enzyme electrode assays involve 
measurement of the enzyme-catalyzed oxidation ol 
glucose or galactose to generate hydrogen perox- 
ide. On electrodes of this type the enzyme is 
interposed and immobiSzed between two mem- 
branes. <he first or outer of which comes into 
contact witn the sample to be assayed and permits 
access of glucose or galactose and of oxygen to 
me enzyme from the sample «h9e restricting tr>e 
passage of proteins, red Mood cells, and other 
macromoleajles, and the second of which is in 
close relationship with the face erf the sensor atec- 
trode and permits access of hydrogen peroxide to 
the electrode while at the same time excluding 
passage of interfering substances having a molecu- 
lar weight greater than about 260, e.g., ascorbic 
acid and uric acid. In practice, the sample to be 
assayed Is brought into contact with the outer face 
of the first or outer membrane- The glucose or 
galactose in the sample diffuses through the mem- 
brane into contact with the i mm obi fired enzyme, 
leading to the oxidation mentioned above, and dif- 
fusion of the resulting hydrogen peroxide through 
the second or inner membrane into contact with the 
sensor electrode ceuses development of an elec- 
trical current which can then be read by conven- 
tional means, thus anabing extermination of the 
glucose or galactose concentrations by calculations 
based upon similar measurements made on stan- 
dard solutions containing known concentrations of 
the glucose or galactose. 



Summary of the tnventkm 



in general, the Invention features, in one as- 
pect, a method o( "assaying a high concentration 
(greater than 60 mg/dl) of o substance (e.g., gJv- 
cose, galactose, lactate, cholesterol) in a Hquid 
sample (e g . a tody fluid such as whole blood, 
plasma, serum, or urine) wrth a polarographic cell. 
The cell contains an electrode assembly that "m- 
dudes a reference alactroce and a hydrogen per- 



oxide sensor electrode having a laminated mem- 
brane covering the Iquid sample contacting face of 
the sensor electrode. Tne laminated membrane 
induces an outer membrane permeable to glucose 

6 and oxygen, an Inner membrane permeable to hy- 
drogen peroxide and located adjacent the (ace of 
the sensor electrode, and an enzyme layer be- 
tween the inner and outer membrane: the enzyme 
in the enzyme layer can oxidise the substance to 

to generate hydrogen peroxide. The method induces 
contacting the outer membrane wtth the liquid sam- 
ple; oermitting the substance and oxygen in the 
liquid sample to pass through che outer membrane 
to contact the enzyme layer so that the substance 

i$ is ovictzed to generate hydrogen peroxide; permii- 
ting the generated hydrogen peroxide to pass 
through the Inner membrane to contact the sensor 
eJoctrcde: and ensuring that the suppfy of oxygon 
in the enzyme layer relative to the supply of qlu- 

ao cose is sufficient to produce an equifibrium con- 
centration of hydrogen peroxide in the enzyme 
layer and inner layer. The equilibrium concentraik*-) 
.of hydrogen peroxide generates a steady state 
response at the sensor electrode, the response 

ts being proportional to the cores ntration erf the sub- 
stanca in the liquid sample. 

In preferred embodiments, the supply of oxy- 
gen is ensured by using an outer membrane hav- 
ing a thickness {preferably 10-tOO u. more prefer- 

30 abty 10-20 u) and pore size that hinders the pas- 
sage of the substance relative to &e passage of 
oxygen. 

The hydrogen peroxide generated in the en- 
zyme layer, in addition to pissing through (he Inner 

w membrane, also passes through the outer mem- 
brane, contacting the liquid sampta. In the pre- 
ferred entfwdiments in which the liquid sample is 
whole blood, the method further Includes delaying 
the passage of hydrogen peroxide through the out- 

40 er membrane so that the oxidation of hydrogen 
peroxide by the catalase in the whole Wood does 
not prevent the steady state response. If the pas- 
sage o* hydrogen peroxide Is not sufficiently de- 
layed, the oxWaiton of hydrogen peroxide by the 
catalase wilt cause the flow of hydrogen peroxide 
through the outer membrane to increase, conse- 
quently preventing the formation of an equiUbrlum 
concentration of hydrogen peroxrde in the lami- 
nated membrane. The preferred way of delaying 

so the passage ot hydrogen peroxide rs to use an 
outer membrane that Is thick enough (preferably at 
least 15 tt) lo cause the delay: by the time the 
hydrogen peroxide begins to contact the catalase. 
an equtibrlum concentration of hydrogen peroxide 
has been generated in the enzyme layer ana inner 
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membrane and a steady state response has al- 
ready been recorded at (he sensor electrode. 

The invention feature*, in another •spect. an 
electrode assembly for pertcnming the featured 
method The assembly can obtain e steady state s 
response at nigh conceniratiom (e.g.. 100 mg/dl) of 
the substance in liquid samples thai contain oxy- 
gen concentrations of the range round in undiluted 
piasma derived from a normal human subject. 

The featured method and device provide a to 
means to accurately and consistency measure high 
concentrations {gremer than SO mg/dl. 100 mg/dl. 
200 rng<dl and even as high as 600 mg/dl) of 
substances thai can be oxidized by enzymes to 
generate hydrogen peroxide. Such substances, is 
e.g_. glucose, are commonly found in body fluids, 
and assays for the substances are usehi to the 
medical community as a diagnostic tool 

Other features and advantages of the Invention 
wilt be apparent from the W lowing description of zo 
the preferred embodiments thereof, and from the 
claims. 



Description of the Preferred Embocftnerrt 25 



In the drawings: 

Rg. 1 is a view in section, partially broken 
away, showing an embodiment of the present in- » 
ventton including a flow chamber, on an enlarged 
scale. 

Rg. 2 is a view in section at 2-2 of Rg. 1 . 

Referring to the Hg. 1. a gfucose electrode 10 311 
comprises an electrically Insulating support body 
12 which may be of elongated cylindrical shape " 
carrying at it* end a platinum sensor electrode or 
anode 14 having an active or exposed face 16 and 
a conductor 18. The lower end of (he support body «o 
12 also carries a sflver/silver chloride reference 
electrode 20 having an evposed face 22 and a 
conductor 24. Conductors 18 and 24 (ead to an 
amperemeter (not shown). Disposed across the ex- 
posed faces of the etectrodes is a laminated mam- «s 
brane Including an outer membraie 28 and an 
inner membrane 23 adhesively secured together 
by an Intermediate layer 30 comprising the enzyme 
glucose oxidase, praferably a mixture of the en- 
zyme and a cross-linking or binding agent such as so 
gkitaraldehyde. The laminated membrane is sealed 
in liquid-tight fetation to the lower face of support 
body 12 by O-rtng 32 or any other suitable means. 

Outer membrane 26 is preferably polycar- 
bonate but may consist of any other suitable solid 65 
porous or permeable- material. The pore stze and 
thickness of the membrane 28 are selected to 
ensure that the passage of glucose Into the en- 



zyme layer is sufficiently hindered in comparison to 
the passage of oxygen Ihal the supply of glucose 
in the enzyme layer docs not exceed the supply of 
oxygen, in general, the thicker the membmne and 
smaller me pore size the more the passage of 
glucose will be hindered. 

The preferred electrode assembly lor assaying 
glucose in fluids not containing catalase has an 
outer membrane having a thickness oi between 3- 
100 u. more preferably I0-T5 u. if the outer mem- 
brane is too then (generally teas than about 3-10 a) 
the gKtcose molecules may pass through too 
quickly, and if the outer membrane is too thick 
(generally greater than 100 il) the glucose mol- 
ecules will take too long to pass through, causing 
the electrode assembly to have a poor response 
time (as high a response time as possible is desir- 
able). 

The upper limit on the size of the pore that can 
be used in membrane 26 and still obtain adequate 
hindrance of gfucose molecules is dependent on 
the thickness or the membrane. For the more pre- 
ferred range of thickness (10-15 u) a pore size of 
about 100 A or less should be used; the lower itanit 
on pore size thai should be used is about 10 A, 
below which an adequate supply of glucose may 
not pass through. 

A pore suo oMOG A can also be med effec- 
lively in membranes 26 that are greater then i$ u 
in thickness, although a larger pore size may also 
be used, A workable estimate of the upper pore 
size limit for the thicker membranes can be ob- 
tained by using the following formula: 
HA* - (P1/P2P 

In the formula t ( Is the thickness of a membrane 
that is known to give adequate results (e g.. i.2u>; 

is the known thickness of an alternate mem- 
brane; p, Is the known pore size (e.g.. 100 A) of 
the membrane having thickness h; and is the 
upper limit pore size thai can be used with the 
membrane having thickness 1?. 

The above examples of the relationship be- 
tween pore size and thickness assume that the 
pore sua is the seme through the enure thickness 
of iho membrane 26. One skilled In the irt will 
'recognize that one layer of the membrarw 26 can 
have one pore size, and a second layer a second 
pore size. In general, as long as at least a 10-tS u 
thick layer of the membrane 29 has a pore size of 
100 A or less, it does not matter what eh© pore size 
through the remaining layers is. Moreover, one 
skilled in the art will know how to modify thta 
general approach In accordance wrth the above 
formula. 

Where the etectrode is to be used 10 assay the 
cone antral ion of glucose m whoio olood. a turtner 
factor must be taken into account in selecting an 
outer membrane 26: whole blood contains catalase, 
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wnich destroys hydrogen peroxids. and can deter 
the ^omvwion <y an equilibrium concentration of 
hydrogen peroxide in the enzyme layer and inner 
membrane. In general, to obtain an accurate assay 
of glucose, tfi© caiaiasevhydrogen peroxide inter- 
action should be delayed at teast until the equiUb- 
num concentration has been generated and a 
steady stele response has been obtained. Wiln 
electrode i0, this can be accomplished by using 
an outer membrane having a thickness of at least 
1 5 u: by the tme a significant amount ol hydrogen 
peroxide has diffused through an outer membrane 
of this thickness, an equilibrium concent rati on of 
peroxide within the inner membrane and enzyme 
iayer has already been obtained and the response 
recorded. The mod preferred outer membrane for 
use in whole blood gkicose electrodes is about 16 
u thick, a 12 u thick layer having a pore size of 
ICO A and 6 u. thick layer having a pore sire of 300 
A. 

The preferred membrane 26 for whole blood 
should also be used to measure glucose con- 
centrations in other body fluids that contain cata- 
tase; for example, rf the procedure used to obtain 
pfasma or serum ruptures the red blood ceils, 
cataJase will be present. 

The outer membrane 26 can be a single mem* 
brane. e.g . pofycarbocate membrane, of the de- 
sired thickness and pore size, or may be a plurality 
of thinner membrane affixed to each other (e^^ 
using a Bovine Serum Afbunim-giutar aldehyde 
binder) to yield one membrane of the desired thick- 
ness. For example, the most preferred outer mem- 
brane 25 for whole Wood by made by combining 
two 6 u thick membranes having a 100 A pore size 
and a 6 u thick membrane having a 300 A pore 
size. 

Inner membrane 28 may be of silicone rubber, 
methyl methacrylate or other suitable porous and 
permeable material. e.g., caUuiose acetate butyrate. 
and preferably comprises cellulose acetate. H has a 
thickness of 2-10 u, more preferably 2-4 a. If 
membrane 28 Is thicker than 10 u. the passage of 
hydrogen peroxide through the layer may be too 
stow. If the membrane is thinner than 2 a. it may 
not be strong enough. Membrane 28. while permit- 
ting the quick passage of hydrogen peroxide, is a 
barrier to the passage of other low molecular 
weight substances (e.g.. ascorbic acid, uric ackJ) 
that may interfere with measurements made by 
anode 14; substances such as ascorbic add and 
uric acid are often present In samples being ana- 
lyzed and read J y pass through outer membrane 
26- 

Glucose oxidase layer 30 moat preferably Is a 
mixture of the enzyme and a cross-Hnxfng agent 
such as glutaraJdehyde. 

In the embodiment shown m Fig. I , a how ceil 



34 Is mounted in liquid-tight relation against the 
lower face of outa/ mcmbrano 26. being sealed 
thereto by a silicone washer or by O-rtng 32. Cell 
34 may be constructed of poh/styvene, poly- 
s meUtacfylata. or any other suitable rigid liquid im- 
pervious material and includes a chamber 36 ex- 
posed to the lace ol outer membrane 26 as weii as 
inlet 38 and outlet 40. In a preferred embodiment, 
the volume of chamber 36 together with inlet 38 

iq and outlet 40 is approximately 5 to 10 micnoflfiers. 

In general, fn preparation oi the laminated 
membrane a cellulose acetate solution in 1:1 ac- 
etone: cydohexanone is spread on the surface of a 
glass plate using a microfilm applicator {available 

rs from the Paul N. Gardner Co.. Pompano, R., Cat. 
No. AP-M02). After air drying, a thin film Is formed 
on the glass surface. A mixture of enzyme, buffer 
solution, and gJutaraidohyde Is coaled on the sur- 
face of the film using the applicator; the formulation 

w contains, per mt of distilled water. 50 mg glucose 
oxidase, 12 mg olsodlum succinate hexahydrate, 
1 .5 mg succinic acid, 0.3 mg sodium benaoate. 75 
ug di potassium EDTA, and Z.5%, by vokjme, 
glutaraidehyoe. A polycarbonate membrane (of the 

m type available from Nuctepore Corp.. Pteesanioo. 
OA) is placed on top of the solution, and excess 
sokjtion is squeezed out using a roller. After drying, 
in those embodiments using a plurality of pory car- 
bonate membranes, which together make up outer 

» membrane 26. a mixture of Bovine Serum Albumin 
(BSA) and gJi/taraktehyde (the mixture containing, 
per ml of dtetfSed water, 100 mg BSA and 0 25%. 
by volume, glutaraldehyde I is spread on the sur- 
face of the underlying polycarbonate mernb/ane 

ss using the microfilm applicator, the second mem- 
brane is placed on top. and the excess solution is 
squeezed out After air drying, additional polycar- 
bonate membranes can be added in anatagous 
fashion. 

<o Referring to Fig. 2, the support body 12 has ' 

0.016 Inch diameter central platinum sensor elec- 
trode 14 surrounded by concentric rings Including 
one of lead glass (42) {0i 20 type; 0.095 inch O.D >; 
versilok structural adhesive (44) (0.005 inch thick); 

43 silver (43) (0.015 inch LO.; 0.125 inch O.D.): a 60- 
40 mixture ol sifver sulfide (AgS)-sitver chloride 
(AgCt) (48) (0.01 inch thick); potting material epoxy 
(50) (0.02 inch thick); and Noryi (52) (0.337 inch 
O.O.). Rings 46 and 48 are the ah-cr'stlver chloride 

so reference electrode 2D. The AgCI ring 4fl provides 
an adequate supply of silver ion so thai the 
changes in potential at the reference eiecfrode 
caused by the current do not quickly use up the 
available supply of silver ion. A reference electrode 

S3 having an 0.01 Inch thick ring can be used for 
tnousaixis of measurements; a counter eJectrode is 
not needed with the assembly. In general, the AgO 
ring should be at least 25 u thick to provide the 
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adequate supply of sflver ion; (here is no real upper 
limit on thickness, afthough as a practical matter 
the ring probably should rot be thicker than about 
0.5 cm. 

In a typical assay, a body fluid, e.g., whole 5 
Wood. Is flowed through the inlet 36 and fills the 
sample chamber 36. When the outer membrane 26 
contacts ihe whole blood, glucose molecules arid 
oxygen molecules present in the sample pass 
through il and contact the enzyme In layer 30; the ;o 
enryme catalyzes the oxidation of glucose to glu- 
conic acid. The hydrogen peroxide produced dur- 
ing the oxidation pass©* through rnembrane 28 and 
contacts surface 16 of sensor electrode 14. which 
is poised at ♦ 700mV in relation to relerence elec- is 
trade 20, and also contacts the face 22 of refer- 
ence electrode 20. forming an eiectroconductrve 
path between the two electrodes. A current is gen- 
erated, the magnitude rising to a constant (steady 
stats) value (response) related to the equilibrium zo 
concentration of Ihe hydrogen peroxide. The outer 
membrane 26 umrts the passage of gluooee suffi- 
ciently so that the supply of oxygen is not the rate 
limiting factor in the oxidation, thus ensuring thai a 
Steady state response is obtained. 75 

The hydrogen peroxide generated in enzyme 
layer 30 also diffuses through the outer membrane 
29 and contacts the whole blood, which contains 
the caiatase that destroys hydrogen peroxide. This 
consumption causes the diffusion of hydrogen per- 00 
oxide from the layer 30 through the . outer mem- ' 
brane to increase, thus upsetting the equilibrium 
concentration of hydrogen peroxide in the lami- 
nated membrane in general and the rate of mass 
transfer of hydrogen peroxide to the surface of the je 
two electrodes in particular. Under these circum- 
stances, the current will not be at a steady state 
value, and accurate measurements of glucose con- 
centration can not be obtained. Outer membrane 
26 of the electrode is of sufficient thickness that by <o 
the time the hydrogen peroxide passes through the 
layer and contacts whole Wood, an accurate steady 
slate current has already been obtained and re- 
corded. 



Other Embodiments 

Other embodiments are within the following so 
claims. For example, the electrode can be de- 
signed to assay other substances besides glucose, 
provided the ercymo in tho layer 30 oxidizes the 
substance to generate hydrogen peroxide. Thus, 
where lactate owdaso was substituted tor glucose u 
oxidase in the preferred embodiment, concentra- 
tions ol lactate in whole blood were assayed. Simi- 
larly, concentrations of cholesterol can be assayed 



where the enzyme is cholosterol oxidase, and con- 
centrations of ethane! can be assayed where the 
enzyme Is alcohol oxidase. 

One skilled in the art will recognize that a 
standard counter etectrode can be used in conjunc- 
tion with the sensor and reference electrodes, if 
desired. 



Claims 

i . An electrode assembly for uSd in a po Urog- 
raphy cell for assay of a substance in a liquid 
sample, said assembly comprising a reference 
electrode and a hydrogen peroxide sensor elec- 
trode having a laminated membrane covering the 
Squid sample-contacting face of said sensor elec- 
trode, said laminated membrane comprising an 
outer membrane adjacent said liquid sample, an 
inner membrane adjacent the face ol said sensor 
efectrode, and an enzyme lay a between said inner 
membrane and said outer membrane, 
said enzyme layer comprising an enzyme that oxi- 
dizes said substance to generate hydrogen perox- 
ide. 

said Inner membrane having a permeability to hy- 
drogen peroxide sufficiently great to ensure pas- 
sage of hydrogen peroxide to said face of said 
sensor electrode, and 

said outer membrane having pores that allow pas- 
sage of said substance and oxygen from said liquid 
sample to said enzyme layer, the thickness of said 
outer membrane and the size of said pores being 
selected so that said passage of said substance is 
sufficiently hindered relative to said passage of 
said oxygen that a steady state response with said 
electrode assembly can be obtained at substance 
concentrations in said liquid sample of at least 100 
mg/dl where the oxygen concentration is equivalent 
to the oxygen concentration in a plasma sample 
derived from a normal human subject. 

2. The otectrode of claim 1 wherein said liquid 
sample comprises plasma or serum. 

3. The electrode of claim 1 wherein sakj liquid 
sample comprises urtne. 

4- The electrode of claim l wherein said outet 
membrane has a thickness of between 10 and 100 
a. 

5. The electrode of claim 4 wherein said thick- 
ness ts between 10 and 20 u. 

8. The electrode of claim 1 wherein said outer 
membrane has a plurality of layers, and wherein at 
least one said layer has a pore size of tesa than 
0.12S u. 

7. The electrode of claim 1 wherein said liquid 
sample comprises who fa Wood which includes 
catatasa capable of degrading hydrogen peroxide, 
said outer membrane being ol suHicient thickness 
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to impair the passage of hydrogen peroxide from 
sari err/me layer to said whote blood to an extent 
grsa; enough to permit said steady stale to be 
reached. 

a The electrode of daim 7 wherein sard outer 
membrane has a midmess ot between 15 and 100 

UL. 

9. The electrode of claim I wherein the sub- 
stance concentration in said liquid sample is ai 
least 200 mg.d1. 

10. The ©l^ctrode of claim 1 wherein said sub- 
stance iz gbcose and said enzyme is glucose 
oxidase. 

n. Tho electrode of claim l wherein said sub- 
stance is lactate and said enzyme is lactate ox- 
idase, 

1 2. The electrode ot daim 1 wherein said sub- 
ster.ee is alcohol and said enzyme is alcohol ox- 
idase. 

13. The electrode ot daim 1 wherein said sub- 
stance is cholesterol 2nd said enzyme is choles- 
terol oxidase. 

i *. The electrode of claim 1 wherein said liquid 
sample is an undiluted body fluid 

1 5. A method of assaying a high concentration 
ot a substance in a Squid sample with a poJarog- 
raphic cea that includes an etectiode assembly 
comprising a reference electrode and a hydrogen 
peroxide sensor electrode having a laminated 
membrane covering the liquid sampte contacting 
face of said sensor electrode, said tonirwrted mem- 
brane comprising an outer membrane permeable to 
said substance and oxygen, an inner rnernbrane 
permeable to hydrogen peroxide and located adja- 
cent the race ot said sensor electrode, and an 
enzyme layer between said inner membrane and 
said outer metnbrano. said enzyme layer compris- 
ing an enzyme that can oxidize said substance to 
generate hydrogen peroxide, said method compris- 
ing 

contacting said outer membrane with said liquid 
sample: 

permitting said substance and oxygen In said liquid 
sample to pass through said outer membrane to 
said enzyme layer so that said enzyme oxidizes 
said substance to generate hyoVogen peroxide: 
permitting said generated hydrogen peroxide to 
pass through said Inner layer to contact said face 
of said sensor electrode; and 
ensuring that the supply of said oxygen in said 
enzyme layer is sufficient rotative to the supply of 
said substance in sect enzyme layer to gerterste an 
equilibrium concentration 0 f hydrogen peroxide in 
said enzyme layer and said inner layer lo obtain a 
sleady state response proportional to the concen- 
tration ol said substance in said iquid sample. 



16. The method o1 claim 15 //herein said sup- 
ply ol oxygen is ensured by using an outer mem- 
brane having a thickness and pore size that hinders 
said passage of said substance through said outer 

5 membrane relative to the passage of oxygen. 

17. The method of claim 15 wherein said liquid 
sampte comprises plasma or serum. 

13. The method of claim IS wherein said liquid 
sample comprises urine. 

>o 19. The method ol claim IS wherein said liquid 

sampte comprises whole blood. *hich incfudes 
catalase. said method further comprising 
delaying the passage of said hydrogen peroxide 
from said enzyme layer through said outer mem- 

*s brane sufficiently so that the oxidation of hydrogen 
peroxide by said catalase in said whole blood does 
not prevent said steady stats response. 

20. The method of daim 19 wherein said pas- 
sage of hydrogen peroxide is sufficiently delayed 

to by using an outer membrane that is thick enough 
to cause the delay in said passage. 

21. The method of daim 15 wherein said sub- 
stance is glucose and said enyzmo is glucose 
oxidase. 

25 2Z The method ot claim 1 5 wherein said sub- 
stance is lactate and said enzyme Is lactate ox- 
• i'dase 

23. The method of claim 15 wherein said sub- 
stance is alcohol and said enzyme in alcohol ox- 

30 ktese. 

24. The method of daim 15 wherein said sub- 
stance is cholesterol and said enzyme is choles- 
terol oxidase. 

25. The method of daim 15 wherein sad liquid 
ss sample comprises a body fluid. 

26. The rnethod of claim 15 wherein said sub- 
stance is present In sakj flqu/d sampte at a con- 
centration of at least 100 mg/dl. 

27. The method of daim 16 wherein said sub- 
« stance is present In slid liquid sample at a con- 
centration of at least 200 mo/fll. 
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